Context: The most frequent cause of death in acromegaly is cardiomyopathy. Objective: To evaluate determinants of acromegalic cardiomyopathy. Design: Observational, open, controlled, retrospective study. Subjects: Two hundred and five patients with newly diagnosed active acromegaly (108 women and 97 men; median age 44 years) and 410 non-acromegalic subjects sex-and age-matched with the patients. Main outcome measures: Left ventricular (LV) mass index (LVMi), transmitral inflow early-to-atrial (E/A) peak velocity ratio, and LV ejection fraction (LVEF) were measured by Doppler echocardiography to determine the prevalence of LV hypertrophy (LVH), diastolic and systolic dysfunction. The role of age, estimated disease duration, body mass index, GH and IGF1 levels, systolic and diastolic blood pressure, lipid profile and glucose tolerance in determining different features of the acromegalic cardiomyopathy was investigated. Results: Compared with controls, the patients had lower E/A, LVEF, high-density lipoprotein (HDL)cholesterol levels and higher LVMi, total-and low-density lipoprotein (LDL)-cholesterol, triglycerides, glucose and insulin levels, homeostatic model assessment of insulin resistance (HOMA-R) and HOMA-b. The relative risk to develop mild (odds ratio (OR)Z1.67 (1.05-2.66); PZ0.027) or severe hypertension (ORZ1.58 (1.04-2.32); PZ0.027), arrhythmias (ORZ4.93 (1.74-15.9); PZ0.001), impaired fasting glucose/impaired glucose tolerance (ORZ2.65 (1.70-4.13); P!0.0001), diabetes (ORZ2.14 (1.34-3.40); PZ0.0009), LVH (ORZ11.9 (7.4-19.5); P!0.0001), diastolic (ORZ3.32 (2.09-5.31); P!0.0001) and systolic dysfunction (ORZ14.2 (6.95-32.2); P!0.0001), was higher in acromegaly. The most important predictor of LVH (tZ2.4, PZ0.02) and systolic dysfunction (tZK2.77, PZ0.006) was disease duration and that of diastolic dysfunction was patient's age (tZK3.3, PZ0.001). Patients with an estimated disease duration of O10 years had a relative risk to present cardiac complications three times higher than patients with estimated disease duration %5 years. Conclusions: The prevalence of different features of cardiomyopathy is 3.3-14.2 times higher in the acromegalic than in the non-acromegalic population. The major determinant of cardiomyopathy is disease duration.
Introduction
It is known that patients with uncontrolled acromegaly have an increased mortality of 1.72 (1) to 1.9 (2) compared with those with controlled acromegaly. The main cause of death is cardiovascular disease (w60%) while respiratory disease and malignancy account less for mortality (25 and 15% respectively) (3) . The presence of systolic dysfunction at the time of diagnosis is associated with death within 15 years in almost 100% of cases (4, 5) .
The acromegalic cardiomyopathy is the heart involvement in the theoretical absence of other cardiac diseases and its most common feature is a concentric biventricular hypertrophy (3) . Thickening of cardiac walls is common, but dilation of cardiac chambers is rare because of a relative increase in the cardiac myocytes width for the parallel assembling of new contractile-protein units (3) . Postmortem findings reported left ventricular hypertrophy (LVH) in more than 90% of patients with long disease duration (6) . LVH is associated more frequently with diastolic dysfunction and more rarely with systolic dysfunction (3) , even in young patients with an estimated short acromegaly duration (7) (8) (9) . Characteristically, LVH in acromegaly occurs in the absence of arterial hypertension, that is more frequent in acromegaly than in the general population (10) , but is further aggravated by it (11, 12) . Long disease duration is associated with higher prevalence of hypertension and diabetes (3, 13, 14) , as well as many other cardiac complications, such as arrhythmias and LV dysfunction (15) . However, the risk to develop cardiomyopathy in its different clinical aspects, such as LVH, diastolic and systolic dysfunction, in the acromegalic population compared with the general population and in relation to the estimated disease duration has never been investigated.
This observational, analytical, retrospective, controlled study was designed to investigate determinants of cardiomyopathy in newly diagnosed patients with active acromegaly compared with sex-and age-matched controls of the same geographical area. The role of GH and IGF1 excess and disease duration on the development of echocardiography-demonstrated cardiomyopathy has been studied as the main study outcome. Secondary outcomes were relative to prevalence and severity of hypertension and glucose abnormalities.
Patients and methods

Inclusion criteria
Patients with active acromegaly coming to the Unit of Endocrinology of the 'Federico II' University of Naples from January 1st 1997 to December 31st 2009. Criteria upon diagnosis of acromegaly did not vary during the inclusion period, i.e. fasting GH levels above 2.5 or 1 mg/l after glucose load (75 g per os) in the presence of IGF1 levels above the normal range for age and gender (16, 17) .
Exclusion criteria
Patients treated with somatostatin analogues and/or dopamine agonists and/or pegvisomant at the time of diagnosis. Patients were already unsuccessfully operated on.
Patients
During the study period, of the 257 patients admitted to our department for acromegaly, 52 were excluded because of current medical therapy or after unsuccessful surgery (nZ43) or echocardiography data were not available (nZ9). Two hundred and five newly diagnosed patients (108 women, aged 46.3G15.5 years, median 44 years and 97 men, aged 47.2G14.8 years, median 44 years) were enrolled in the study. Magnetic resonance imaging documented microadenoma in 24 (11.7%); enclosed macroadenomas in 53 (25.8%); macroadenomas with extrasellar extension in 87 (42.4%) and macroadenomas with clear-cut signs of invasion of surrounding structures in 41 patients (20%). The presumed duration of acromegaly was assessed by comparing photographs taken over a period of 10-30 years and by interviewing the patients as to the date of onset of acral enlargement and facial disfigurement. The interval between assumed clinical onset and the time of treatment ranged from 2 to 30 years (9.2G5.9 years, median 7.9 years).
Controls
Four hundred and ten non-acromegalic subjects (216 women and 194 men) were recruited during the same period from the personnel of our University with different health knowledge, lifestyles and jobs (medical doctors, nurses, doctors of biology, laboratory technicians, administrative personnel, cooking personnel, gardeners, cleaning personnel, carpenters, bricklayers, drivers, surveillance personnel, porters and people of the voluntary service). They were matched with the patients for age (G2 years), gender, and lifestyle. Partial results of the control cohort have previously been reported (18, 19) . The controls included in this study were not selected for the presence of hypertension, or diabetes or to have information on the prevalence and severity of these complications, if any, but to compare with patients with acromegaly.
All data included in the study derive from a registry approved by our ethics committee (no. 60/97); all subjects gave their informed consent to participate to this registry. All subjects signed an informed consent form to approve diagnostic testing, treatment decision, methods for follow-up and treatment of the data for scientific purposes. This study has been conducted in accordance with the Helsinki II Declaration on human experimentation. The comparison between patients and controls is shown in Table 1 .
Study protocol
At study entry, after an overnight fasting and 3 days of low-fat food intake (!30%; 7% saturated fat), the following were measured in all subjects: (25) , angiotensin convertase enzyme (ACE-I) plus calcium channel blockers and diuretics were used in the majority of cases (32 and 30 cases, respectively), followed by ACE-I alone (nine and 25 cases, respectively) or associated with diuretics (one and six cases, respectively) and antagonists of the angiotensin-II receptor (three and eight cases respectively).
Glucose and insulin levels at fasting. Only in patients
with acromegaly and with the exclusion of those with overt diabetes, on diagnosis glucose and insulin were also measured every 30 min for 2 h after the oral administration of 75 g glucose diluted in 250 ml saline solution. Diabetes mellitus was diagnosed when fasting glucose was above 7 mmol/l (126 mg/dl) at two consecutive measurements or when 2 h after the oral glucose tolerance test (oGTT) glucose was O11 mmol/l (200 mg/dl) (26) . Impaired glucose tolerance (IGT) was diagnosed when glucose level was between R7.8 and !11 mmol/l 2 h after the oGTT while impaired fasting glucose (IFG) was diagnosed when glucose level was between 5.6 and 6.9 mmol/l at fasting (26) . Normal glucose level is now considered when below 5.6 mmol/l at fasting. To predict insulin resistance (homeostatic model assessment of insulin resistance (HOMA-R) (%)) and b-cell function (HOMA-b (%)) was used the HOMA according with Matthews et al. (27) . By assuming that normal weight healthy subjects aged !35 years have a HOMAb of 100% and a HOMA-R of 1, the values for individual patients can be analysed from the insulin and glucose concentrations by the formulae: HOMA-RZ(insulin (mU/l)!fasting glucose (mmol/l))/22.5; HOMA-b (%)Z(20!insulin (mU/l))/(glucose (mmol/l)K3.5).
At study entry of the 47 patients and 50 controls with diabetes (Table 2) , only 28 and 33 received appropriate treatment: in detail, metformin alone or associated with glibenclamide was used in 20 and 25 cases, respectively, while insulin was used in the remaining cases.
Assays
During the study, serum GH levels were measured by IRMA with sensitivity from 0.2 to 0.05 mg/l or chemiluminescence. Serum IGF1 was measured by IRMA after ethanol extraction, using Diagnostic System Laboratories, Inc. (Webster, TX, USA). The normal range changed during the study period. IGF1 data are shown as the upper limit of normal range ((ULN) normalZ%1). Serum IGF1 levels by IRMA after ethanol extraction using Diagnostic System Laboratories, Inc. The normal ranges for sex and age are reported elsewhere (19) .
Statistical analysis
The data were statistically analysed using MedCalc Software for Windows (MedCalc, Mariakerke, Belgium). Data are reported as meanGS.D. unless otherwise (Table 3) and then the stepwise multiple linear regression to assess the relative importance of: i) age, body mass index (BMI), serum GH and IGF1 levels (as ULN), patients' disease duration, ii) systolic and diastolic blood pressure and heart rate and iii) total-, LDL-and HDL-cholesterol levels, triglycerides levels, glucose and insulin levels, HOMA-R, HOMA-b on LVMi, E/A and LVEF. In this analysis, we entered only those variables that had a P value !0.01 in the simple linear regression analysis. We then calculated the relative risk in patients with acromegaly to develop hypertension, lipid and glucose metabolism alterations, LVH, diastolic and systolic dysfunction compared with controls by calculating the observed odds ratio (OR). Data are shown as OR, with the exact Fisher 95% confidence interval and the twosided P value. This analysis was also made to calculate the relative risk to present LVH, diastolic and systolic dysfunction in patients with long estimated disease duration compared with those with shorter disease duration. This latter analysis was performed after correction for confounding factors.
Results Table 1 summarises the characteristics of patients and controls at study entry. Compared with sex-and agematched controls, the patients had lower transmitral E/A ratio, HDL-cholesterol levels and higher LVMi, total-and LDL-cholesterol and triglycerides levels, glucose and insulin levels, HOMA-R and HOMA-b. In analogy, the prevalence of mild and severe hypertension, arrhythmias, glucose abnormalities, LVH, diastolic and systolic dysfunction was higher in patients with acromegaly than in controls ( Table 2 ). The relative risk to develop mild or severe hypertension, arrhythmias, IFG/IGT or diabetes, LVH, diastolic and systolic dysfunction was 1.4-14.2 times higher in the acromegalic than in the non-acromegalic population ( Table 2) . Most of the parameters included in the analysis correlated with LVMi, E/A and LVEF (data not shown). Results of the regression analysis are shown in Table 3 . In patients with acromegaly and in controls, respectively, disease duration and systolic blood pressure levels were the most important predictor of LVH and systolic dysfunction ( Table 4 ). Diastolic dysfunction was predicted by age and systolic blood pressure respectively. Age was a secondary predictor of LVH, diastolic and systolic dysfunction in controls ( Table 4 ).
As disease duration was the most important predictor of LVH and systolic dysfunction, we analysed the prevalence of these complications in relation to the estimated duration of active acromegaly before diagnosis. The patients were divided into three groups: short disease duration (%5 years), intermediate disease duration (5-10 years) and long disease duration (O10 years). There was no difference in BMI, GH and IGF1 levels while, as expected, patients with longer disease duration were older ( Table 5 ). The LVMi was significantly lower in the patients with short disease duration than in those with intermediate and long disease duration, while LVEF was significantly higher in the patients with short disease duration than in the other patients ( Table 5 ). Patients with intermediate disease duration had higher LVEF than the patients with long disease duration. These latter patients also had higher blood pressure levels than the other two groups ( Table 5 ). No other difference was observed in the metabolic profile according with estimated disease duration. The prevalence of LVH, diastolic and systolic dysfunction, as single or combined complication, was significantly lower in the patients with short disease Table 2 Prevalence of cardiovascular and metabolic complications in patients with acromegaly and in age-and gender-matched controls. Data are present as n (%) Hypertension, diastolic blood pressure above 90 mmHg (30); diabetes mellitus, fasting glucose O7 mmol/l (126 mg/dl) at two consecutive measurements or 2 h after the oGTT glucose R11.1 mmol/l (200 mg/dl) (23); impaired glucose tolerance (IGT), impaired fasting glucose (IFG) !7 at baseline and between R7.7 mmol/l and !11.1 mg/dl 2 h after the oGTT (25); LV hypertrophy (LVH) was considered when LVM indexed for body surface area (LVMi) was R135 g/m 2 in men and R110 g/m 2 in women (21); diastolic dysfunction was diagnosed by an early-to-late mitral flow velocity ratio (E/A) below 1 while systolic dysfunction was diagnosed by a left ventricular ejection fraction below 50% (21, 22) . duration, than in those with intermediate disease duration who had a significantly lower prevalence than those with long disease duration ( Fig. 1) . Patients with estimated disease duration longer than 10 years before diagnosis had a relative risk to present LVH 9.9 times, diastolic dysfunction 4.8 times and all cardiac complications three times higher than patients with estimated disease duration shorter than 10 years months (Fig. 2) . Conversely, the prevalence of systolic dysfunction was only modestly, but not significantly, higher in the patients with longer disease history.
Observed odds ratio
Discussion
At variance with all previous papers, this study included a very large series of patients and controls to make a statistically valid analysis of risk factors for cardiomyopathy due to GH and IGF1 excess. The most important finding of the current observational, retrospective, controlled study is that the duration of active acromegaly before diagnosis as estimated by characteristic changes in the physiognomy of the patients on photographs is the major determinant of prevalence and severity of cardiomyopathy. Patients with estimated disease duration longer than 10 years, had an average relative risk to present LVH associated with diastolic and systolic dysfunction three times higher than those with shorter disease duration. The most striking difference was in the prevalence of LVH that was approximately ten times higher in patients with long disease duration than in the other patients. This effect could be due to both the longer duration of GH and IGF1 excess on cardiomyocytes and to the higher blood pressure levels in patients with longer disease duration. This study extends in a large series the demonstration that prevalence of arterial hypertension (both mild and severe hypertension), arrhythmias, glucose abnormalities and cardiac dysfunction is significantly higher in acromegalic patients than in non-acromegalic subjects. Thanks to the large series of non-acromegalic control subjects, we could estimate the relative risk to develop different aspect of cardiomyopathy in patients with acromegaly. These data agree with those published by a (28) . However, it should be mentioned, however, that the control group we have used might present a methodology bias as we had the opportunity to perform a complete cardiac and endocrine screening in a selected group of subjects coming to the clinic for various reasons. Even if none of the recruited subjects were selected on the basis of any of the parameters relevant for this study, we cannot rule out the possibility that our control group does not fully represent the general worldwide population. Nevertheless, recruitment of non-acromegalic subjects was made in the effort of providing an unbiased group of subjects coming from the same geographical area, in the same period of time of our patients and without any selection as for cardiovascular disease, working habits and lifestyle. Data on epidemiology of cardiovascular risk factor in the Southern Italian population reports prehypertension in 15%, mild or severe hypertension in 33%, diabetes in 9%, IGT in 7%, LVH in 1.5% and atrial fibrillation in 1% (29) . Thus, the prevalence of glucose tolerance alterations and hypertension observed in our controls was in line with the epidemiological evidence, while LVH was higher than expected, probably emphasised by routine echocardiography. By considering the drawbacks mentioned, the inclusion of a control group allowed us to calculate the relative risk of patients with acromegaly to develop cardiovascular complications, thus providing an approximate risk of disease.
The calculation of the approximate risk of cardiac disease in acromegaly is relevant since cardiac disease is considered as an independent risk for premature death in patients with acromegaly together with elevated GH and IGF1 levels and hypertension (1) (2) (3) . In contrast, other complications such as glucose abnormalities or cancer are reportedly less important determinants of mortality (5) . Increased LVM is a premier risk factor for cardiovascular disease events (30) and acromegaly is a disease with a well known increased risk to develop LVH (31) . The relative risk of patients with acromegaly to present LVH is at least 11.9 times higher than sex-and age-matched non-acromegalic subjects. This high risk to develop LVH is clinically relevant as concentric hypertrophy has been shown to be the major determinant of cardiac stroke in a multiethnic study (32) . No data are available on the prevalence of asymptomatic diastolic and systolic dysfunction in the general population. However, in comparison with our controls, patients with acromegaly have a risk to present diastolic or systolic dysfunction at diagnosis at least 3.3 and 14.2 times higher. As an additional result of this study, we have shown that patients with acromegaly have a relative risk to present hypertension (1.4-1.7 times), arrhythmias (4.9 times) and glucose alterations (IGT 2.6 and diabetes 2.1 times) higher than the general population.
In a previous multicentre study, we demonstrated a significant negative effect of hypertension on prevalence of LVH (12), analogous previous results of López-Velasco et al. (11) . Less understood is the role of insulin resistance in further increasing cardiac mass in acromegaly. No significant additive effect of glucose impairment was shown in our previous study (12) though considerable clinical evidence supports a role for insulin resistance in the pathogenesis of LVH (33) . However, as shown by the regression analysis, neither in the patients nor in the controls, insulin levels appeared to be the major predictor of LVM. Thus, we can conclude that glucose abnormalities and insulin resistance display a minor role in determining the severity of cardiomyopathy. It is possible that, at cardiomyocytes level, chronic excess of IGF1 overcomes the effects of elevated insulin levels, but no molecular studies are available to further demonstrate this issue.
It is interesting that in the patients' group, the estimated disease duration was the major predictor of LVH and LVEF as surrogate measure of systolic function. Anyway, the approximate risk to present diastolic or systolic dysfunction in the patients population was at least 3.3 and 14.2 times higher than our control population. This clearly confers an increased risk to develop fatal cardiovascular events to the acromegalic population (1) (2) (3) . In previous studies enrolling smaller series of patients with acromegaly (11, 12) , the effect of estimated disease duration was not statistically significant clearly due to the wide distribution of this parameter. Another recent study, comparing 133 patients with acromegaly and 665 controls (28) also showed increased prevalence of hypertension and diabetes as well as increased Framingham Risk Score in the patients, with relative risk in the patients with acromegaly similar to those found in our patients. However, in this study there was no data on echocardiography. In this study, because of inclusion of rather large series of patients subjected to echocardiography on diagnosis as part of our routine clinical practice since 1997, we could demonstrate that patients with estimated disease duration longer than 12 years had a risk presenting LVH 9.9 times higher and diastolic dysfunction by 4.8 times higher than those receiving diagnosis of acromegaly after a period of time shorter than 5 years.
Conclusion
The results of the current analytical, observational, retrospective, controlled study demonstrate that patients with acromegaly have a high risk to develop cardiac complications, hypertension, arrhythmias and glucose abnormalities. The risk is extremely high for patients who are diagnosed with a delay of more than 10 years from the start of the disease. Due to the well-established epidemiological evidence that patients with acromegaly have a reduced life expectancy because of cardiac disease, all effort should be made to diagnose this disease as early as possible. National Health Institutions should be made aware of this clinical problem and improve awareness in family doctors who are the first medical contact of patients with acromegaly. As control of GH and IGF1 excess is associated with a decrease in cardiovascular risk (3, 20, 21, 28, 31, 34, 35) , successful treatment is mandatory in patients with acromegaly. 
